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INTRODUCTION
Every company engaged in manufacturing continually attempts to make their production more effective. One of the ways to streamline production is to minimize transport costs and the reduction of excess time in inter-operational transport.
ANALYSIS OF PRODUCTION SYSTEM IN TERMS OF PRODUCTION DISPOSITION
To effectively organize machine workplaces, there are several methods of deployment. Their selection is often a complicated and time consuming process. If there are a large number of deployed elements, we may not even succeed in achieving the desired results. Therefore, there is an effort to develop computer systems that would apply the methods in computer code and thereby replace humans in solving such problems. In properly applied computer technology, we can achieve precise results. These issues are part of the structure of the disposition of production (Fig. 1) . [2, 3] 2. Designing spatial distribution of working place (machines) -distribution methods.
3. Taking into account the real area of production halls and limitations in terms of occupational health and safety.
4. Final design layout -2D and 3D draft. [2, 3] The spacing methods differ from each other not only as regards used principle solutions (analogue, graphical, statistical resp. combined), but also in the input and output data with which they work. One of the most frequently used methods is "the triangle net method", in which the analysis of material flows to the particular workplaces is used as the basic parameter in the design of workplace deployment within the production schedule. The triangle net method allows displaying the result of deployment as a 2D design of production layout. Therefore, it is considered as a graphical method. Also, it aims to spatially locate machine workplaces so that their deployment follows an optimal arrangement. The most common use is in medium-size mass production enterprises, where the so called "free layout of workplaces" can be implemented. This method makes it possible to graphically or numerically illustrate and evaluate material flows in production. [4] 
PRINCIPLE OF SYSTEM SOLUTION
The principle of this method is that the workshops with the greatest material bonding are placed in the neighboring vertices of the triangles in the indicated grid of triangles. Firstly, the two workplaces with the largest bond are placed to any of two vertices of the triangle grid. Gradually, we add more machine workplaces that have been selected from a set of non-arranged workplaces. The machine workplace with the highest number of common material flows with already deployed departments is always chosen. Other machines are placed with regard to the strongest transportation links with the machines already located in the triangle net. In this way all workplaces are located, but the layout solution is not yet complete. The disadvantage of this solution is that the allocation of the workplace is determined only on the basis of the two machine workplaces which have the largest material links with this workplace (Fig. 2) . [2, 3, 4] 
MODIFICATION OF THE TRIANGLE NET METHOD
At the Faculty of Mechanical Engineering STU, a system which compares and evaluates all placement options which deployed machine workplace may acquire was created (chap. 3.3). Machine workplaces which are located within a triangular grid and their material bonds are shown in the table below (Fig. 2) . The sides of the triangle grid represent the unit distances between machine workplaces which are located at the vertices of the triangles in the grid. The proposed system of deployment (by modified method) considers all material bonds and distances between all the other workplaces. As it was proved, by considering all material flows and links we can achieve a much better deployment compared to the use of the triangle net method. The difference is shown in the picture below. (Fig.2) Vol n -number of distributed machines. [4, 5, 6] The solution is based on the assumption that the transport cost per unit distance is the same between all machine workplaces. In the given example the saving of material flows is 10.8%. The solution is described in chapter 3.3.
ENTERING INPUT DATA
For access to the system, a dynamic interface in which the user can create his own database of machine tools and other equipment, according to the current technical means available in the company was created (Fig. 3) . Machines and devices can be always added, edited, or deleted. Each workstation in the database can be defined by basic data, such as code, technical and dimensional specifications.
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Figure 3: Representation of user interface for creating database devices
Another important element is the user interface for the creating of the technological processes of planned production. Quality-created input by the user ensures good output from the system in the form of theoretical placement of departments. In the graphical interface, the user defines the part of planned production in the way that they assign various machine workplaces from the database on which they will be produced. The system has also created a different way of loading the input data about transmission quantities of material between machine workplaces. This involves loading a txt file format. Information in the file about planned material flow between machine workplaces is registered under the prescribed template through which the system would be able to work with established PDM systems. [7, 8] 
ALGORITHMIC SOLUTIONS
The solution was achieved by graph theory approach and its representative matrixes of distance. The first three machine workplaces are placed according to the triangle net method. From the fourth machine workplace on, the calculation of the modified method is different from the triangle net method.
In practice this means that different combinations of the matrix of distance are gradually developed. In this matrix, each row represents one workplace, and the values in each of the cells in the matrix represent the distance from the other workplaces according to the triangular grid. In the calculation are generated all the matrices that represent all variants of the place of workplace and, subsequently, their evaluation (Fig. 4) . Each matrix of distance must be evaluated on its own. Each element of this matrix is multiplied by the elements of the material flow intensity between the given workplaces, thus getting the resulting matrix. If we sum up all the elements from this resulting matrix we will obtain the total sum of the material flows. The variation with the lowest value will be assessed as the best. [1, 2] 
VISUALIZATION MATERIAL FLOWS
In view of the use of the system, this part is the most important element in the system. In addition to distributed machine workplaces in the triangular grid, there is a possibility to depict the intensity of the transported quantities between the different machine workplaces by colored lines. The thickness of the lines represents the size of the material flow. An example of the graphical solution is shown in Fig. 5 . below. [7, 8] By applying the deployment methods to a programming system, better assessment of material flows in production is ensured. The possibility to create one's own database of machines and equipment is also an advantage. In applying the system there is a reduction of labor intensity in the calculation and the elimination of human error. The time required to implement the calculation is reduced. For calculating we only need a few seconds.
The system created for the deployment of machine workplaces in the production plant is based on the triangle net method. This method has been modified on the basis of the idea that if we take into account all the positions in the distribution of machine workplaces and calculate the total amount of transport, in some cases we are able to achieve better results in comparison with the classical procedure of the triangle net method. When working with the modifications we used graph theory and representation using matrices.
